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(54) Title: ASYMMETRIC POROUS FILMS AND PROCESS FOR PRODUCING THE SAME 
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(57) Abstract: It is intended to provide asymmetric porous films which are usable in blood dialysis, plasma separation, etc. and 
particularly excellent in the performance of selectively separating (fractionating) plasma protein, show little endogenous coagulation, 
complement or quinine activity and have an extremely high biocompatibility. Porous films made mainly of a synthetic polymer and 
having an asymmetric structure wherein, in the sectional structure, a dense layer substantially not charged atjeast on the outermost 
surface is provided in the side on which a liquid to be treated is loaded and at least part of the film other than the outermost surface 
is negatively charged. In the above films, the dense layer non-charged at least on the outermost surface serves as a size barrier while 
the part of the film other than the outermost surface serves as a charge barrier. 
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O..0.1~15wt%, cky»*L<-l*0.. 0 5~5w t 
ft < BBTUftiS $ ^)-lcM 9 - 1 RTffi 1 $ . 

*M»* x btttt$#*|^a«7ktt**r*^t?»ja<D»#Ji:L-Cli, N, N- 
>^;U7-tz K75 K, N-^fM-ePUK>«Ll\ *fc> d*ib<D?g 
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ttft^hu.'^, ttflsa;u$/^A*©fc«a«L ?p t?u>7yp-;u 

N, N — i^y ^;U7Hz h7 5 h', N, N-^^f^^7 5 h\ H-*=}-)l-2 
. «<V^pe;U7>U3-;t/, x$/— ;u % -Jugfr-fn tfb>?U=]— ;k f l 

*jw©a*«ifieifc t l r (*, 10/90-65/35, * y »* 

L<tt20/80~55/451?fc§, 

»*<i*»Wn?*«*»»^fl.itRi<j:*. KO>IM*JMRiifa>S*tt$ 

MicfS]±-r^fc^ici* % &&m&ti;i:\z&z>&98 t m ! t%®iv&&o ±.tmm®<D 

5 K, n, N-i^*;u*;uA75 h\ N-^fM-epiJ K>> i^^;ux;u 
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■cfty, «iD*icotvrtt, »?ugia>tttti=^^rau4RnB-r 

2 0°C~9 0°C % «ky»*L<tt, 5 0 0 C~75WL\ 

*il*J:L*. &ttlt7?ft&$?LftjK$»jftU tttttt, ?a$7LJUta>mj|&jii 

= 5/9 5~6 5/3 5 % <fc V L < I* 2 0/ 8 0 ~ 5 5/ 4 5 "Oft U % 

0. 01~15wt%, * y L < (*0. 0 5~ 5 w 

a*yw<, »*l<i*5 o~7 o c csg[cR3£-r<5a)A«a*Lt^ 

CUM] 

<&®lffiffi7a;£> 

71 «) j . P3.67 (2-47 - 3j£*) l=***lT^*+?P*3e3*TJ*«>* 
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D. S) #;fcg>«E>ft3 0 

GPCffl*7AKD-80 6Ms KD-8 03, KD-802 (l^HtSh 
owdexfi) ^ISLfclSSI System- 21 (Shodex^ 
) £mvc, SMfcLTS^ ^;U7-fe >75 K (KTs DMA c) % 
^5 0°Cs 1 m l /m i n 0)%t&VlM%.-t £ 0 7t?U L/>^"9->^U (TS 
KSTANDARD POLYSTYRENE, ^7— §g) £/Bl>T&g$H4| 

*a>*»=Sit*/ { (7T/4) x 0 000) 2x$|j$x6 0m i n) 

il=1 cm/sec, 3iEl=2. Oml/min 

(SI GMA, Mw=4 1 2 7 2) 1 0 gtf+X h^WT? (SIGM 

A, Mw=7 1 000) 1 o«*»«LB*r*. fWf+xh7>i§ia$ 

3 7°C-eAPSLr, 3ttiS2.. 0ml /mi n ;HC®^$iJ--5) 0 
-v'KDtmilJJcy^XK^^WttJTtfcb, fitMEftg (TMP) =2 5m 
mH g tt£%>&5lzEEJ3$fr\+X 1 O^M^^MLTffiM^T" 
JUtt&o flbtlfcii^0fi^b^MiiJt (UFR) £#tfcj (ml/mmH 
g-m2.hr) t*. W«ffi^V^^tttetmi=-fflL^T^h7>»«|C 
*3t^TfelT©«tfrl?WiS««:^PThy77 (HPLC) 
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(M*7A) Shodex :GF-7 10HQ, K±7A)G 
F- 1 G-7 B.-a^ASS : 4 0°C, fctBS§ : R I (Shimadzu, R I 
D-6A) , 3K3: 0. 3ml/min, |$fnh7 

(Mw=1 86000, 1 00000,-48000, 23700, 1 22 

0 0, 5 800) %mi*Xs - #^ft&IEM£ftj£L, fa7h^7A©S^ 

aiSfcTMf* h7>H;^P7 H?7A©bf-*&j£-<?iiy,. sc (gglM&& 

) £5fc&$ 0 m±&t\ts (1-sc) xiootsm. 

[^flJla)^itt<Dj|fi56r3S] 

Electro Kinetic Analyzer (JJIT, EKA<fc#1- 0 ) 
(Anton Paar Gnrvb HttS) *ffl^TT83©t*jyff-pfc. EKA0 
#>:*Rj£«E£2 0VI=-f5 0 MSKftli, v'J > K'J tiJUizjUp&Blz. - 

9 3 0 9 5 Omb a ©EE 73 #3^3 £ 5 [C, A g/A g C i WlBTfttWci 

A/17, 3~5ornjBI:SSIt*, 2 5°C©0. 00,1 mo I / I KC I 7K^ ( 
**>?ibi£ (&} g |5S®&$f2EfflO. 0 1 mo I / I KC I ( 
IK AIIIflAittiLtM) £.5 0 Om I fflf L, MKC I 7Kj§^£}fJ 
^!ali$ft£ftf-;1&7=L7i&, 0. imoi/i kohM (fa^KX (#0 fi! 

&W&ffimo. Imo l/l KOH»«) »LtpH$1 1 \Z+& 0 •?•©& 
, 0, 1mol/IHClM (TOS (»> 8 M34M10. Imo 1/ 

1 HC SRTU (Remote Controlled Tit rat 
ion Unit (Anton Paar GmbHtig) ) t'ilSlWP,, 
pH#0. 8fcte**fc©«tig&R©£Wi£pH 1 1 ~3£T?©b>vT-;liJ5£ 
L, P H7. 4©^fi^fc^ 0 

[xp8o*ie»ft] 

PS (Physical Electronics, IncS PHI-54 0 
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M/TSMgKQf (1 5 kV/26. 7mA) , MI13. 5mmXlm m , 
SSM®I*S u r v e y Scan 1100~0.eV, N a r r 

ow Sea n(^ia##T\ lb3*##ffll) CIs, Ols, S2p, N1s, Pa 
ss Energy li Survey Scan: 178. 9 e V , Narrow 
Scan: 35. 75eV e fi'oftfc N arrow Sea bJKDWW. 

fflUfcflftliJgMli, Cls:0. 296, O I s : O. 711, S2p:0 
. 6 6 6, N 1 s : 0. 4 7 7T?&& 0 

iM^mm±it^mx'^^imfst7mmm (ldh> RismMMmoumism 

] 

&s££*t, 1 Om I £*£&flWc^U»t-5> (JUT. :?W3 

, 1. 2m l/m i n(D^igX^i>ZL-Jl,mzmiSRLtz^ f££JI:£&7k£rl^ 
Trtffiljl 0ml , rtfiM Om I »Lr=^iL- < ;UANP,LDHIi2 

t?Z>o 

mnmmmm (pbs) d07tnn$ <«o m kt r \ t o n x- 1 o o 
(■t-*7<<7-x<7nm) zmmi-cmzo. 5ttT> i t o n x-i oo/p 

:^-'J^-7>/\AttI) 3m I ££j££-febll*>|::0. 5mlMLt3 
4 0 n m^P^Jt^/lS-r^o 3 7°CT? 1 B#|HJ£j££l*fcft 3 4 0 n m 

l^T^MJg^jl'JSL, A3 4 0 nm= (^>^U£]t>It&P.aftJg-- t^>^;U 6 

oM«g) - (^7^^J£/^]£M3tjg-^7>^6 0^M^Jt) jcyff 
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PBSCSod i um Laury I Sulfate(SD SKt*7'ffX 
^ttm»»LT#frlM%SDS/PBS»»$|R*ga3l)3gffla)«lC2 

Ltz&O. 2 m I $W&j&bt$o RK»*I=B icinchoninic A 
c i d(B.CA)ga-fflSKSI (P I ERCEttSl BCApro.tein as 
say reagent A) 3 m I £;&PK.T, 3 7°CT? 3 0#j5f£; Lfc&, 5 6 

2 nmO>8Mfcg£3l!]j£U BI*lCj||lJSSjEJS$*ri^t^ai=Ol^r*»**t 

[^5S?*=> (BKN) a>fl«£ft] 
-*Olt* (JRf9||1 0 0m2) . ^7K-»^M±M7Krolil?^ ; 7'r.5>^$LT 

3 7 °C07X;§ * i= o'.ctr Jna l r $ * , ' Afrfif * y >*pifti?fc $ ♦> <j > i;?K> ? 

2m I Ay : h7VP-;k *IhU^>W>ttf^s *»^P*5>, E 
DTA-2.Ni, SRLttfi) f=6m I 0JR1-*. (MStatt, 0. 4 4ml 
/mi n £ LT»ttB*ra*U#fcfc£J: 3 ) J*SP&&LJfltiR£ 

»fl*LTaMS«#fc L^^^i U •mf*&Xttb&3g£& (R I A*) 
Lfco - 

#9tt4>}IMI£;lT, T)l?s.y (Mw=66000) <t arl T-T^a^P^ 
'J> (a 1 MG, Mw=3 3 0 0 0) % $ £ 2 £ P ?P ?5 > (02M 
G, Mw=1 1 80 0) WSC (&£l>&g&) $JSlTO¥JIH=<*:y*«)*. 

&©flg*sli£LT* 2 0 mm 2 t 5lC#£tt7L#3&* 1 5 

c m <!: -5 J: 5 x tK* fc r fem L s £feSft*7K T? fttilz&ft L r Steffi 
S-^^3.-^<h-r^ 0 *JflUS (fttSA : Va I I e y Biome d 

i c a I , I n c) $3 7°CT?3bPS^Lfc^s &Se*J&<6. 5 g/d I £ft 
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P?'J> (5mg/l) • (STSW-fb^fc. m /8 2-M/W^U-K*P) 
to'LTtt»ffl(DJfltfti:f*. ^<D&, Jfitff$3 7°CT?AnSLT> IHml/m 

i n-e^i/tL—MzmfatZ-tk, TMP = 3 4mmHgt4^<J:9l:E^^ltt 
6 0»MJMltlW>^tt^ H&*Lfca?fta)ft^6U FR 

(m I /mmH g • m 2 ■ H r ) £#ttl U 7>U?5 >5BfeK**fflL>r7;i/^ 
5 6 3 OnmlC-Ol^-f 5o 7;U^5>S CliSC="9->^;U 
«3t«/JlliJII5c»***fcL"Cj|[lllf -5. £tz. aivj <? aVnfV 02 

LX-6 0 0 0) .sffli^rajeLfc. 
[^;uji?><fc3?sfl67|?ux)u*i/»7K-u-7-a>!R3ft] 

J . Pol ym. Sc i, : P a r t A: Po I ym. Chem. , 3 1 
, 8 5 3-8 5 8- (1 9 9 3) t?X ( 2 P PK>i£ 

h) -5, 5' -^MOK^ h'J^Attfc^/jfcLfc. 
1 0 0 0m I =70t/^^77^a|:tfX7i/-;i/A (JKSHtJifc) 29. 
0 2g N 4, 4' -^PPv7i-;W>> TOtJ*)'3 1. 56g, ± 

izfcotfx (2--i7PPK>-tf>x;u^^^-r h) -5, 5' -X)\,*yMi-h l ) 

mio. 23 g , atnay^A mtftmm) 52. 76 g( >;n> <?d# 

®M) 8 0. 8 ml, N-/f^-2-ePij K> .{MMitm) 19 4. 6ml 

SSBtKi oo oom i^<yt»TU «H«#tt^;u*>fc7K';^;u*> 

£#f=o tt%$$B7k5 0 0 0ml E^JftAU atfe£&8*jg&*l® pH #2 
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0^4 o%x*/-;u*»»6 ooom I 3B$lWft£ Lfeft* Jt»JU mi* 
x*/-;uT?ifc&ft, 5 dfcKffittfliLr. *;u*>lbfi&jg (d. s) #o. 

g-Cfcofc. !!&*Lfc7K , J"7-9aft¥J*^ftl*7 5p00T?*-3fc. 

1 0 0 Om I =OP-tr/^^7^7.3|Z > t*A^x/~;UA <$j£ft;j*) 2 
9. 0 2 g> 4, 4' -i^nne^i^ux^Mo (luSHbfifc) 4 3. 08 g 

. jfttt'jb'J^A (fQjfeiW^) 5 0. OOg, HUX> (ftftttX) 5 0ml s N 
-^^;U-2-eP'J K> (IgftRS) 1 3 0m ! $#T.s g*S& L 

«;I^H9 0°ci:liaL, HUX>£S£ S $ P>[- 1 9 0°CT?4WPlfl|ftftL 
Ts MM^nPM07K«jx;U7t>>^U7KU-7-$^Lfro 1 00 0m I =0 

P"fe/^^;U77^3lCs 7KUx^u>yij n-;u#4 0 o o (mmMxig 

36mgKOH/g) 1 29. 8 6g, If b>v7 5>CiMb^P 
tf U>t^bx^b>$^^pLfct<7)^b^±Lfc4 , B , f^Py^ • utK'J 
T- (BASFtt, Tetronic 3 04 7XB&flfi 6 8 m g K O H/ g ) 
2 6. 7 2g, A (ftftftftg) 2 0 0. OO.gs hux> dn%MIR 

) 1 5 0m I % K> (m^M) ) 3 5 0m I 

mnTs mmm&Ltz 0 Kfomsfoz-] 5 5 o c«&lh;i/x> to^hx) $3 

ffifcJftfr&Rta&L'fc, g^T, 1 9 0°CIC^;gLs HUX>£@£ 

U.&IVC4, 4' -i?7Jl/tP^7i-J^;^> (lUSHbfifc) 4. 91 g$ 

£j£Lfc, ±IH0M»^ppMo)7}x o ijx;u7i>>^U7K';T-SJt>?I^ic v 
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o°cx*8^mmLtz 0 Rtom*m*s.mtTo>mv#.i oooo m i^< 
oo om i ^^7<Ls^tmw^m^(D pK^2 tt^^mz^m^ijafL, 

1»)L» liSA ? P H7lc^:^*t?7X^Lfco $ 0°C4 0%x$/— ;b 7 K^ 
$6 0 0 0m I T?3 8$IWjifc£Lfcfcs StJW U Ml$X$ J -,UT*»gL. 5 0 

?&fi£ft£*§f::o C<D«h£<DJ|Xfili 1 5 1. 6 6 gtfeofco <#£ftf::&fi-£ 
ft©^H4l*7'mO. 3mVCfey, fifi¥^)^gl*6 0 0 0 OV&ltz 

0 

1700) 2 0 0 g £ K5 «< 7-f XSHftTTf, 1Mrd/hr (D&JtKT 1 .0 B#RS] 

r**«WtLfc*, 7? ^ Mb*iT?*$ 3 -tjM^p t?;u* * * U u- h 3 o 

gClftLH 20/t -B tOH = 3/1;l^1 k g Sffl^$-frfc»»*lZ|ft 

#UT--.fl>*;u7fc>fc«ftjg (d. s. ) lio: 2-cfcofco 

C#%^>J4] 

[x ^ u >x > tf b > x ;U/f-s >&fi£ft<&M] 

x^uvtju?^ K4. 9gt^neu>^l/7-f K1 4. o g (<htlcgim 
fcfi&K) £&ttJ(S&7$ r *S'»>A4 4. 8mg (*fl&#g|g§£) $MLfe»Kx 
^;U2 5 4mgtS^U ffiBJWlCAflT 7 0°C-e5^f|jtjfLtI^Lfc o 

C;ji£4 0m I 01 -^^;u-2-ep 'J K> {WtWkW i:»jBLTi oo. 

^»^x^/-;ur*J:<^;f LT6 0°C-C®ETx^y-;u^^LT, ?K'J 
TJU^-fK 14. Og$Hf: c ^ C©^"J^7-f h*1 g$6 0m'l©1- 
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om i <omism*mm,#ifii>>tpo< y«TLfc. -rcfcanwsy, x^?* 

*lfc£»£l*®m*¥#5tfF:tl*7 8 0 0 O-Cfcofc. 

[tffc/Kyx^bb^-tM K-^;i/^>ib7K l J7.;U7|x>*s^0M] 

J. Polym. So i, : P a r t A: Pol ym. Chem. , 31 
. 8 5 3-8 5 8 (1 9 9 3) \Zti&0)1S&T! % t:X (2-^PP^b-tfbTJU 

1 0 0 0m I H^P-fe/^^U^^^alCtfX^xy-^A •(JfcJSHbJ*) 2 9. 
0 2g, 4, 4' -v?pps;;7i-;ux;u*b 36. 61 g, ± 

5&(Dtfx (2-^ppK>-tf>x;u7^-^-r h) -5, 5' -*;M*>BH-hy 
■5A*gi i. 86 g , ftM*y^A (fnateswai). 52, 7 6 g% 

MX) 80. 8ml, N-y^U-2-tfPy Kb (SUSHbJfc) 194, 6ml 

£ff»U «#£m*fc#&£*B&£2ii#iafT^f::o i sst-eftj* 

>W>f3«*t, *<DR6 S &%LX< ->7>*vt h . 

Sfc; $bi:i90°ci?5«iLr, ffi*«*ppg*;u*bfe7Ky;uu* 

1 0 0 0ml =^P-tr/^^U^7X=HZ7KiJx^L/>/7*iJzi- i >U#4000 
(lUkill 7K^SM 36mgKOH/g) 1 29. 8 4g, If 

7 5 >l:IMb ?p t° b b £ Mitx? b b£jg&ttJra L f= 4, <7>fr 6 jr* Lfc 4 tB! 

^P'^O^ijT- (BASFtt v Tetronic304 7K^Sfiffi6 8 
mgKOH/g) 26. 7 4 g, -fti*iJ-J?A2 0 0. 03 g, h;H>1 7 3 
. OmL N->f;b-2-t°P'JK>3 4 0. 6 m I £A*l, «#*m*ft*« 
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&tt*W**21*IHWTofc. 5 5°C"Cfc}#& % h;i/X>£3. 5^Rg 

7;u^-p^7x~;ux;u^> (jfcjSftbj*) 9. 8 3g$ip^7t 0 tti*Tj8SjS£ 
< K^I/tK'J't— jrjbs^, $bi- h;ux>i oomi %1$\7is at»*fft^ 

SSSSSILf::. fi(6&^jfc£ 1 5 BtnfUttfc, h;UX>£3B$R8S3£$ 

^**^'ufco nftTomm7k^ oooom i y 

*§*:„ if!fe££&®7j< 5 0 0 0ml *^&A U « t ?K : M^(D pH j&«2 <b 

<p**Rica«aift$aox., mm u a?fca< P h i icfc-s itc 0 s b i= i o °c 

4 0 %X * / 6000ml+T»3 l$Mft# • ft# Lfc*, M>3'J U ;1 

fc£x$/-;Utfa#fc* 5 0°CT?K£&fc|LT. «iJifb>tW>' 

»b*iifc*«^(*<Dx;u7ix><b«»JS (d. s. ) i* s o.. 3t?fcy s SMTO 

^Itt3 7 000T?feof:, 

■J- 

- 1 7 0 0) 1 1 icaSttflDSlat^lf^b^lfc^^^XbTK'J 
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m2\z®m<omMi5mx-®i>titz#m7$*) x^ u <r Ki^&TK'j 

*><7>:?Py£&aSftO. 5«MP£fl1B*fcLT* 2«ttP^6ffLtBL, 
*Sia^3Sfc**lf=¥19iafi4 O°C07- _Krt*ailL v 6 OOmmT^ClilT 
fc5 5t3©**f=Sai*#5 Om/m i n ©MTfigBofc. *<D&* 9 0°C<0 
Sft*lcrOOml n|W2fe£U 7 0;fclCT*ai*#ffff/B*g**&fc.-|»&jfc 

- 1 7 o o) rstH, i.l=|B«fl)«jfc&sfe-el§6*i*x;u7hMt^'J 

2-kfPU K>4 9. 5mS«il> ##«2lc|Bitt(D«36*ftT?f»6*iS^tt7|«y. 
X^U^dfiK K'fc^SlfeTKU^^XD^P'j/^^a^ftO. 5aft3i£n 

2a*snfr?>WLtbu 7k^m-e^fc$tifc¥^a^4o e c(7)7- 

K«*aaU 6 0 0mmT^|C^ltfc5 5°C(7;7K^lC;IS$-t±5 0m/m i n 
©a*U#«-3fc. 9 O°C0?«lcr 9 0m i nlHft^U' 7 0°C|CT 

as&fr&£*i*&j®«$fftKLfc. ca>^^$5o o ci=^L, *soa 

SSfl. N->^-2-eP'JK>4 9. 5agg|J N ##«!l2l=|HieOD®{jt^ 
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Wo. satMrtttatLr, 2«safr&flutiu **ft-c»fc**ifc¥ 

$S£4 O°C07- Kft£fiaSU 6 0 OmmT*(=85Utfc5 5 °C07X*(Z;lj» 
^5.0m/mi n©ije^9lofc. 9 0^C©|»*|:t9 0mi n ffl 

/ 

3 • i>*;7'J >^ ■ #'/7-Xti« : a-T;i*P- 1 7 0 0) =r 

co^n^^^s^fto. B»jHP*i?i«r?*fcLi:, 2S«6P^e>#LmL, 7k^ 
sct?»fc**i*:¥^ag4 o o cw7- KflWaau 6 0 OmmTOlClSlt/cS 

CH»J5J 

9?*ftyKyx;u7t?> (t^p • i^7U ^ ■ tKU?— X*±U ; p.— tjup 
-1 7 00) 1 SUSP, ##«i»clE««>*a-C#&*i«^^*>ft7Kyx;u 
*>7U»» -r H7X^U>^ij:j-;h SMSS* N— ^ TJl— 2 fc?P 'J K 

5ofifi§p, N-**;u-2~epy Kvisoin^t^ lt, 2tip 
A^feWLtt'L, 7kM&xmzZfotzy-m&8Z4o o c<D7—\zte&mmL s goo 

mmT*f=ISrtfc5 5t©^|rSat.*-H-5 0m/m I n 0>i£j9n?&flfcofc. * 
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<D&* 9 0°C<DSft7Kl-T9 Om i n|H2#U 7 0°C\ZXfttilZlir%&&&fflz 

o %<D$t> M*£&%m^-^V3.-)[,$imL*£&tomzii$L s 5o°ca> 

CUM 6!) 

-1 7 00) 1 #%^JlIBl£CD73}iT*#bHi)^;U7|s>^7K';x;U7tK 
waSSP, f- K^x^b^yijn— ;n oS*SU> N-**;i/-2-tfp 'J K 

>6 saM^&fcstt&iisifcfcfEKu 5 oti=ftj#L3attPoHiar^5>» 

***7K.y^;U7h> CZ^a 7>X ■Vn$f^^ttS: P-1 7 00 

3f« 'J x ><z> ^ p y * &S£<* 7 UN, f h7ifU^U3-yn 
OMSP. N-^f;b-2tfn U'K>6.5a*W*x6ft*»ja$^iSLHi:< 5 

oti=ft^L3attP©*Kiii«ky» *e>i=, Tksoassp, n-*^;u-2- 
epu K>5oaaai€rt©ai:LT3attP(Di?ats^&^{ciii>Lmu, 7K^ 

%.VmzZ*ltzW-i%}&&4 0 0 C<D7-ypi$mmL^ 1 I OOmmT^ICl&ltfc 
6 O O C07K*IC;1S$1±5 Om/m i n (DjtgT?^SRofco ^fc&v 9 0°C<7>& 
7KICT9 0mi 'n|Hft»U 7 0°ClCtg)|$t^Iffl+S^$f t;. W6*lfc 

CUM 7 3 
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